1. Background {#sec97873}
=============

Alcoholic hepatitis (AH) is an acute manifestation of alcoholic liver disease, which has a poor short-term prognosis and high mortality rates (40-50%) in severe cases ([@A27336R1]-[@A27336R3]). It is often severe and characterized by tender hepatomegaly, hepatocellular damage, steatosis and pericellular fibrosis ([@A27336R2], [@A27336R3]). Patients with severe AH generally present with fever, anorexia, fatigue, jaundice, and ascites ([@A27336R3]). Currently, the main therapy for AH is pharmacological therapy mainly including pentoxifylline or corticosteroids, but the treatment outcomes were poor ([@A27336R4], [@A27336R5]). Consequently, studying the molecular mechanisms of AH may offer a new hope on discovery of new targeted therapies for patients with AH. The current evidence indicates that liver damage in AH is due to the complex interplay between ethanol metabolism, inflammation and innate immunity. Bird et al. ([@A27336R6]) showed that both immunologic and nonimmunologic factors (such as cytokine injury and oxidative stress) play important roles in the pathogenesis of AH. Chemotactic factors such as interleukin-8 (IL-8) cause migration of polymorphonuclear leukocytes to hepatic lobules in AH. In addition, tumor necrosis factor α (TNFα) has been suggested to play a pivotal role in AH and TNF superfamily receptors have been proved to be potential therapeutic targets in AH. Moreover, evidence showed that mitochondrial dysfunction acts as a common pathogenetic mechanism in several acute and chronic liver diseases including alcoholic and non-alcoholic fatty liver disease and hepatocellular carcinoma ([@A27336R7]). In the pathological view of AH, a liver damage is similar to non-alcoholic fatty liver disease (NAFLD) ([@A27336R8]). Oxidative stress is responsible for the progression from alcohol-induced fatty liver to AH and cirrhosis. Besides, evidence showed an interaction between AH and hepatocellular carcinoma. Alcoholic liver disease can lead to cirrhosis and there is underlying cirrhosis in many AH cases ([@A27336R2], [@A27336R9]). Additionally, hepatocellular carcinoma develops based on advanced liver cirrhosis and accounts for about 320000 deaths annually ([@A27336R10]). Collectively, the pathogenesis of AH is multifactorial and more attention should be paid.

2. Objectives {#sec97874}
=============

In this study, to gain better insight into AH, we screened differentially expressed genes (DEGs) in AH and constructed a protein-protein interaction (PPI) network of DEGs to further explore the molecular mechanism of AH.

3. Materials and Methods {#sec97880}
========================

3.1. Data Sources {#sec97875}
-----------------

The gene expression profile of GSE28619 was obtained from the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo), which is based on the GPL570 \[HG-U133_Plus_2\] Affymetrix Human Genome U133 Plus 2.0 Array. Total 22 chips including 15 liver biopsies of AH group and 7 samples of normal livers (control group) were evaluated in this dataset. Liver biopsies in AH group were obtained using a transjugular approach and fragments of normal livers (control group) were obtained from optimal cadaveric liver donors (n=3) or resection of liver metastases (n = 4) ([@A27336R11]). An informed consent was obtained from each patient included and all the study protocols conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

3.2. Data Preprocessing and DEGs Screening {#sec97876}
------------------------------------------

We finally received the gene expression matrix by pre-processing the raw data as implemented in the Bioconductor AFFY package ([@A27336R12]). Data was preprocessed through Robust Multichip Averaging (RMA) algorithm including background correction, normalization and probe summarization ([@A27336R13]). We then used the two-tailed Student's t-tests to identify the DEGs between AH and control groups (P \< 0.05, \|log2 fold change (FC)\| \> 1).

3.3. Gene Functional Annotation {#sec97877}
-------------------------------

The functional annotation of DEGs was conducted to identify the transcription factors (TFs) based on the TRANSFAC database (http://transfac.gbf.de/TRANSFAC/). In addition, oncogenes and tumor suppressor genes were identified based on tumor suppressor genes (TSG) ([@A27336R14]) and tumor associated genes (TAG) ([@A27336R15]) database.

3.4. Pathway and Functional Enrichment Analyses {#sec97878}
-----------------------------------------------

Kyoto encyclopedia of genes and genomes (KEGG) pathway ([@A27336R16]) and gene ontology (GO) ([@A27336R17]) functional analyses were performed to identify significantly enriched pathways and the biological processes of DEGs, respectively, using the online tool of the database for annotation, visualization and integrated discovery (DAVID, http://david.abcc.ncifcrf.gov/) ([@A27336R18]) with P value \< 0.01. GO terms were identified under categories of biological process.

3.5. PPI Network Construction and Subnetwork Mining {#sec97879}
---------------------------------------------------

DEGs were submitted to search tool for the retrieval of interacting genes (STRING) 9.1 ([@A27336R19]). All interactions in STRING were provided with a probabilistic confidence score (combined score), and in our analysis only interactions with combined score \> 0.4 were retained. PPI network was constructed by STRING and visualized using Cytoscape. The proteins in the network served as nodes and the degree of a node corresponded to the number of interactions with other proteins. The proteins with high degrees were considered as the hub nodes. In addition, we further performed subnetwork mining in the PPI network based on BioNet with FDR less than 0.00000005. The subnetwork was visualized in Cytoscape.

4. Results {#sec97885}
==========

4.1. DEGs Between AH and Control Groups {#sec97881}
---------------------------------------

A total of 908 DEGs were identified, including 551 up-regulated genes and 357 down-regulated genes. Among these DEGs, there were four up-regulated TFs (*SOX9*, *SOX4*, *NME2*and *ENO1*) and 21 down-regulated TFs (such as *MME*, *JUNB*, *JUN*, *FOS* and *ZFP36*), as well as 57 up-regulated TAGs (10 oncogenes, 37 tumor suppressor genes and 10 other genes, which were uncertain on tumor development) and 28 down-regulated TAGs (4 oncogenes, 21 tumor suppressor genes and 3 other genes) ([Table 1](#tbl25207){ref-type="table"}). Parts of the up-regulated oncogenes were *RBM3*, *PTTG1*, *PDGFRA*, *LCN2* and *LAMC2*; parts of the up-regulated tumor suppressor genes were *VWA5A*, *UCHL1*, *TUSC3*, *TPM1* and *NME1*; parts of the up-regulated other genes were *SRPX2*, *SQSTM1*, *S100A11*, *MGP* and *GLS*. The down-regulated oncogenes were *MME*, *JUNB*, *JUN* and *FOS*; the down-regulated tumor suppressor genes included *ZFP36*, *TGFBR3*, *SMARCA2*, *SIK1* and *PHLPP1*; the down-regulated other genes were *RHOB*, *NR4A2* and *MCC*.

###### The DEGs Between AH and Control Groups^[a](#fn23583){ref-type="table-fn"}^

  Variables            Total DEGs Counts   TFs Counts   TAG Counts
  -------------------- ------------------- ------------ ------------
  **Up-regulated**     551                 4            57
  **Down-regulated**   357                 21           28
  **Total**            908                 25           85

^a^Abbreviations: DEGs, differentially expressed genes; Total DEGs counts, number of total DEGs; TFs Counts, number of transcription factors (TFs); TAGs Counts, number of Tumor Associated Genes (TAGs).

4.2. KEGG Pathway Enrichment Analysis of Up- and Down-Regulated DEGs {#sec97882}
--------------------------------------------------------------------

The up-regulated DEGs were enriched in 15 pathways, which mainly involved in pathways related to cancer such as extracellular matrix (ECM)-receptor interaction, focal adhesion, cytokine-cytokine receptor interaction pathways and pathways in cancer. Meanwhile, the down-regulated DEGs were enriched in 22 pathways, which were mainly about metabolic pathways. The top five significantly enriched pathways of up and down regulated DEGs are listed in [Table 2](#tbl25208){ref-type="table"}.

4.3. GO Term (Biological Processes) Enrichment Analysis of up- and Down-Regulated DEGs {#sec97883}
--------------------------------------------------------------------------------------

The up-regulated DEGs were significantly enriched in 112 biological processes and the top five significantly enriched processes were mainly related to ECM and cell adhesion ([Table 3](#tbl25209){ref-type="table"}). Meanwhile, the down-regulated DEGs were significantly enriched in 84 biological processes and the top five significantly enriched processes mainly involved in material metabolisms ([Table 3](#tbl25209){ref-type="table"}).

###### Top Five Significantly Enriched Pathways for DEGs^[a](#fn23584){ref-type="table-fn"}^

  KEGG Pathway                               Gene Counts   P Value
  ------------------------------------------ ------------- ----------
  **Up-regulated**                                         
  ECM-receptor interaction                   21            2.07E-12
  Focal adhesion                             28            8.27E-10
  Protein digestion and absorption           13            7.53E-06
  Gap junction                               13            2.45E-05
  Amoebiasis                                 14            3.35E-05
  **Down-regulated**                                       
  Metabolic pathways                         67            8.12E-13
  Glycine, serine and threonine metabolism   8             9.92E-07
  Circadian rhythm-mammal                    5             0.000195
  Retinol metabolism                         8             0.000208
  Bile secretion                             8             0.000429

^a^Abbreviations: DEGs, differentially expressed genes; ECM, extracellular matrix; Gene Counts, number of genes; KEGG, Kyoto Encyclopedia of Genes and Genomes.

###### Top Five Significantly Enriched Biology Processes for DEGs^[a](#fn23585){ref-type="table-fn"}^

  GO ID                Term                                       Gene Counts   P Value
  -------------------- ------------------------------------------ ------------- ----------
  **Up-regulated**                                                              
  GO:0030198           extracellular matrix organization          50            0
  GO:0031012           extracellular matrix                       49            4.44E-16
  GO:0005615           extracellular space                        67            3.87E-13
  GO:0007155           cell adhesion                              72            1.15E-11
  GO:0065010           extracellular membrane-bounded organelle   17            9.39E-11
  **Down-regulated**                                                            
  GO:0044281           small molecule metabolic process           117           0
  GO:0009063           cellular amino acid catabolic process      18            8.72E-12
  GO:0010035           response to inorganic substance            26            1.83E-09
  GO:0008202           steroid metabolic process                  22            3.55E-08
  GO:0006006           glucose metabolic process                  19            8.00E-08

^a^Abbreviations: DEGs, differentially expressed genes; GO, Gene Ontology; Gene Counts, number of genes.

4.4. PPI Network and Subnetwork of DEGs {#sec97884}
---------------------------------------

The PPI network including 608 nodes and 2878 interactions was constructed ([Figure 1](#fig18805){ref-type="fig"}). The connectivity degree of each node in this PPI network was calculated and the top five nodes with degrees ≥ 58 were TSPO (translocator protein), JUN (transcription factor AP-1), PCNA (proliferating cell nuclear antigen), FOS (proto-oncogene c-Fos) and CDK1 (cyclin-dependent kinase 1). Furthermore, one subnetwork including 53 nodes and 131 interactions was constructed ([Figure 2](#fig18806){ref-type="fig"}). TSPO with the highest degree ([@A27336R20]) in the subnetwork was considered as the hub node, which interacted with many proteins including PPIB (peptidyl-prolyl cis-trans isomerase B), *NME1* (nucleoside diphosphate kinase A) and *NME2*(nucleoside diphosphate kinase B).

![PPI Network in AH\
Red nodes represent up-regulated DEGs; green nodes represent down-regulated DEGs; rhombic nodes represent key nodes; Blue lines stand for the interaction between two proteins.](hepatmon-15-05-27336-g001){#fig18805}

![Significant Subnetwork in AH\
Red nodes represent up-regulated DEGs; green nodes represent down-regulated DEGs; square nodes represent negative-scoring genes additionally included in the optimal solution. The depth of color of nodes is related to the fold change of the DEGs.](hepatmon-15-05-27336-i001){#fig18806}

5. Discussion {#sec97886}
=============

According to the gene expression profile analysis between AH and control groups, 551 up-regulated and 357 down-regulated DEGs were obtained. We next constructed the PPI network between the DEGs and extracted one subnetwork. In the subnetwork, TSPO was the node with highest degree and found to interact with 20 proteins such as PPIB, *NME1* and NME2. We found that TSPO (encoding a translocator protein, 18 kDa), an up-regulated gene in AH, was enriched in some biological processes mainly including regulation of reactive oxygen species metabolic process, response to alcohol, negative regulation of nitric oxide biosynthetic process and regulation of necrotic cell death. TSPO is a nucleus-encoded mitochondrial target trans-membrane protein (also known as peripheral-type benzodiazepine receptor, PBR) able to modulate the function of mitochondria ([@A27336R20], [@A27336R21]). Evidence showed that mitochondrial dysfunction is known to be a contributing factor to chronic alcohol induced liver injury ([@A27336R22]). Ethanol-elicited alterations in mitochondria structure and function have been demonstrated to induce oxidative stress in liver ([@A27336R23], [@A27336R24]). In addition, reactive oxygen species (ROS) and reactive nitrogen species (RNS) have been identified as key components in the progression from alcohol-induced fatty liver to AH and cirrhosis ([@A27336R25], [@A27336R26]). Moreover, Xie et al. ([@A27336R27]) indicated that TSPO correlates with mitochondrial dysfunction, which is responsible for liver damage and disease progression in NAFLD. Therefore, we considered that the oxidative stress of liver induced by mitochondrial dysfunction might be responsible for liver damage and disease progression in AH, as well TSPO may play important role in it. The PPI subnetwork in our study showed that TSPO directly interacted with PPIB (also named cyclophilin B). PPIB can bind to cells derived from T- lymphocytes and B- lymphocytes and may regulate cyclosporine A-mediated immunosuppression ([@A27336R28]). Alcohol consumption can increase the translocation of bacteria-derived lipopolysaccharide (LPS) from the gut to the liver as well as activate innate immunity components. Hence, PPIB might play crucial role in innate immunity in AH. In addition, some studies supported that PPIB has an interaction with CD147 (a glycoprotein, a receptor for PPIB) ([@A27336R29]). CD147 is important for mitochondrial respiration and can promote activation of hepatic stellate cells and be a target for antibody therapy of liver fibrosis ([@A27336R29], [@A27336R30]). In addition, TSPO has been found in colocalization with the mitochondrial manganese-dependent superoxide dismutase (a ROS scavenger) in the liver ([@A27336R31], [@A27336R32]). ROS is produced during the activation of innate immunity ([@A27336R33]). Considering that TSPO could modulate the function of mitochondria ([@A27336R20], [@A27336R21]) and had effects on the immune, we speculated that the interaction between TSPO and PPIB might play important role in liver damage in AH and responsible for the progression of fibrosis from AH. In addition, the PPI subnetwork in our study showed that *NME1* (also named Nm 23) directly interacted with *NME2*(also named Nm 23B). Human *NME1* and *NME2*have 88% homology and *NME2*was isolated based on sequence homology to NM23-H1 ([@A27336R34], [@A27336R35]). Ohneda et al. ([@A27336R36]) suggested that *NME1* and *NME2*have a role in the initial stages of tumorigenesis. Besides, studies showed that *NME1* is the first of 13 identified tumor metastasis suppressor genes ([@A27336R37], [@A27336R38]). The reducing protein and mRNA expressions of *NME1* in tumor samples are correlated with characteristics of aggressive cancer, such as poor clinical prognosis and survival, lymph node infiltration, as well as invasiveness and metastasis in a variety of tumor types, including hepatocellular carcinoma ([@A27336R39], [@A27336R40]). The study by Yamaguchi et al. ([@A27336R41]) showed that *NME2*mRNA is abundantly expressed in hepatocellular carcinoma tissues and established hepatoma cell lines. Moreover, *NME1* may play a more important role than *NME2*in intrahepatic metastasis in hepatocellular carcinoma ([@A27336R40]). A previous study indicated that alcohol abuse could increase the risk of hepatocellular carcinoma ([@A27336R42]). Liver damage ranged from acute hepatitis to hepatocellular carcinoma is mainly through apoptosis, necrosis, inflammation, immune response and fibrosis, all processes that involve hepatocyte ([@A27336R42]). In our study, *NME1* as an up-regulated tumor suppressor gene, was enriched in some biological processes in AH, mainly including regulation of response to alcohol, response to steroid hormone stimulus and response to ketone. *NME2*as an up-regulated DEG was enriched in some biological processes in AH including cell adhesion, ruffle and cytosol. Therefore, we supposed that the interaction between *NME1* and *NME2*might play key roles in the development of AH transformed hepatocellular carcinoma. In conclusion, we analyzed the gene expression profile of AH using bioinformatics analysis and found that TSPO might contribute to the liver damage and AH progression induced by mitochondrial dysfunction through oxidative stress of liver. TSPO could interact with PPIB and their interaction might play an important role in liver damage in AH and responsible for the progression of fibrosis from AH. Additionally, the interaction between *NME1* and *NME2*might paly crucial roles in development of hepatocellular carcinoma in patients with AH. However, specific roles and mechanisms of these DEGs in AH should be investigated and confirmed in further in vivo and vitro studies.
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